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INTRODUCTION 
Recently, we proposed the high sensitivity ac field measurement (ACFM) technique for 
detecting and sizing surface cracks in metals [1-2]. This non-destructive evaluation (NDE) 
technique requires an inducer which possesses a field region with odd symmetry for 
positioning the probe. When properly orientated in this field region, a single linear probe acts 
as a differential probe with the added advantage of a phase contribution due to the crack. Both 
a reetangular coil and a rhombic wire loop can be used as inducers to provide the necessary 
field. In Fig.1, the positions of the probe with respect to these inducers are shown. As can be 
inferred from this figure, the probe is coupled to the magnetic field tangent to the metal 
surface. 
Forthin-skin conditions (high operating frequencies), experiments and theory have 
shown that crack signals associated with the probe-inducers in Fig.1 are similar and 
depending on the application, one ofthese can be used [1-2]. A typical crack signal is shown 
in Fig.2 when a rhombic inducer scanned a set of saw-cut notches in a mild steel test block. 
The inducer has diagonals 1=21.5 mm and w=ll.5 mm and is equipped with a 4 mm long 
probe with a small offset (s .. -0. mm). The notches have nominal depths of l mm, 2 mm, 
3 mm, 4 mm and 5 mm and have opening of about 150 J.Lm. In this scan, h-q=2.25 mm, 
probe Iiftoff (q)=0.83 mm, probe diameter =1.5 mm, probe winding density=20 turns/mm 
and the operating frequency f=20 kHz ( corresponding to 0.14 mm skin-depth in mild steel 
assuming a conductivity of cr=6x106 S/m and a dynarnic permeability J.Lr=lOO [3]). 
Scan dircction 
-
Fig.l ( a) The reetangular and (b) the rhombic inducer. The linear probe is located where the 
field component along the probe has odd symmetry. The probe offset, s, is considered 
negative when the offset is opposite to the scan direction. 
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Fig.2 Signals from the scan of the 1 mm to 5 mm notches in the mild steel test block with 
the specified rhombic inducer and probe. 
From the results in Fig.2, it can be deduced that the crack signal saturates for cracks 
deeper than 4 mm. By definition, the saturation is reached when no measurable variation 
occurs in the crack signal beyond a certain depth. The effect is a known phenomenon in the 
eddy current technique and a majorproblern in separating deep cracks [4]. 
The imputes behind the work presented in this paper is to examine the effects of various 
parameters such as the inducer size, probe size etc on the crack signal saturation in the high 
sensitivity ACFM technique, thus to provide criteria for choosing the inducer, probe and 
probe location for a particular task. In this endeavor, both experimental and theoretical 
methods are used. The system for experimentations is shown in Fig.3. The theoretical results 
are obtained by a computationally fast pseudo-numerical analysis technique developed by the 
authors [5]. As verified by many experiments, the theoretical modeling which is based on the 
assumption of thin-skin eddy current in the meta! under test, is very accurate. However, at 
present, its application is limited to surface cracks with uniform depth. The analysis technique 
can deal with both ferrous and non-ferrous metals and can handle inducers with different 
geometries. 
In this paper the results of the study on the effects of probe size, probe position, inducer 
size and shape on the crack signal saturation are summarized in separate sections. In the 
conclusion, guidelines for avoiding (delaying) the saturation is presented. 
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Fig.3 The system used for experimental investigations. 
EFFECf OF PROBE OFFSET 
To study the effect of the probe offset, s, on the crack signal saturation, a rhombic 
inducer with a probe of length lp=lO mm was employed. Apart from the probe length and the 
probe offset, other parameters are assumed the same as those specified for Fig.2. The 
theoretical results, produced by the computerprogram based on the analysis technique 
reported in [5], are shown in Fig.4.a. In this figure, AVp/ Ad shows the sensitivity of the 
probe-inducer to changes in the crack depth (d) where Vp is the peak of the signal shown in 
Fig.2. When A V p/ Ad=O, the crack signal is no Ionger dependent on the crack depth and the 
saturation has reached. In practice, because of measurement limitations, the saturation is 
reached weil before this condition is met. As Fig.4.a shows, when the probe is close to the 
balance position, AVp/ Ad is !arger than that when the probe is grossly off-balanced. It can be 
concluded from Fig.4.a that an offset of s:::::-2 mm can decrease AVp/ Ad by about 20%. 
Fig.4.b shows the result of scanning the notches in the mild steel test block, with the 
specified inducer and utilizing a 4 mm long probe with a !arge offset, s:::::-2 mm. Comparing 
this result with the one in Fig.2 obtained with the same probe-inducer under the same 
conditions except that the probe is finely balanced, supports the theoretical finding. 
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Fig.4 (a) Change of sensitivity with the depth of crack in mild steel for different probe 
offsets and (b) the signal from the scan of the notches in the mild steel test block using a 
4 mm lang probe with an offset of s:::::-2 mm. 
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EFFECT OF PROBE LENGTH 
The effect of the probe length on the saturation of the crack signal was examined using 
the same rhombic inducer specified in the previous section. Two linear probes of 4 mm and 
10 mm lang were employed in conjunction with the inducer. In this study, the probe offset is 
assumed tobe s=-0.2 mm and other parameters are the same as those given for Fig.2. 
In Fig.5.a, the theoretical variation of 11 Vp/!1d with the crack depth for the two probes 
are plotted. As the data in Fig.5.a shows, the Ionger the probe, the better is its saturation 
characteristics. Experimental investigation has also led to the same conclusion. This can be 
observed from the comparison of the signals in Fig.5.b taken by the 10 mm probe with those 
in Fig.2 obtained by the 4 mm probe. Note that the scale of the vertical axis in Fig.5.b is four 
tim es that of Fig.2. In the experiments, both probes were close to the balance position. 
Although the experimental conditions were tried tobe the same, it is very difficult to provide 
the same offsets for the two probes. In fact, by comparing Vr (the valtage in the absence of 
crack) in Fig.2 and Fig.5.b, it can be deduced that the 10 mm probe has a slightly greater 
offset. This should have, however, adversely affected the saturation of the crack signal in 
Fig.5.b. In other words, the experimental signal in Fig.5.b should have shown a better 
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Fig.5 (a) Change of sensitivity with the depth of crack in mild steel for two different probe 
lengths and (b) the signal from the scan of the notches in the mild steel test block using a 
10 mm long probe at a fairly balanced position (s:::::-0. mm). 
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distinction between the 4 and 5 rnrn deep notches if the probe offset of the 10 rnrn probe had 
been rnaintained exactly the sarne asthat of the 4 rnrn probe. 
EFFECT OF INDUCER SIZE 
In this study, t3.(VpNr)/t3.d associated with the rhombic inducer previously specified was 
computed and compared against that associated with a rhombic inducer of 1.5 times !arger (ie: 
w=17.2 mrn and 1=32.2 mrn), Fig.6.a. Note that VpNr is the normalized peakvaltage which 
takes care of the difference in the sizes of the inducers, otherwise a sensible comparison 
cannot be made. The normalization is introduced because, at the points along the probe, the 
fields from the two inducers with different sizes are not the sarne for the sarne input current. 
The normalization pararneter Vr is the valtage in the absence of the crack, Fig.2. Except for 
the sizes of the inducers, all other pararneters used in the theoretical analysis are the sarne as 
those given for Fig.2 and the probe offset s=-0.2 mrn. As Fig.6.a suggests, the saturation 
effect can be significantly reduced by increasing the size of the inducer. 
In order to verify the theoretical finding, an experimental scan with the !arger inducer was 
conducted over the notches in the mild steel test block, Fig.6.b. Comparing the results in this 
figure with those in Fig.2 for the original inducer, supports the theoretical observation. 
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Fig.6 (a) Change of sensitivity with the depth of crack in mild steel for two inducers with 
different sizes and (b) the signal from the scan of the notches in the mild steel test block using 
the larger inducer equipped with a 4 mrn long probe at a fairly balanced position (s"'-0. mrn). 
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RHOMBIC INDUCER VERSUS RECT ANGULAR INDUCER 
The effects of the probe length and the probe offset on the saturation are similar for both 
the rhombic inducer and the reetangular inducer. As far as the effect of the size of the inducer 
is concemed, a careful study showed that it is the distance between the probe and the inducer 
which controls the saturation. This faet is clearly demonstrated in Fig.7 where the results of 
two experiments with a 4 mm lang probe located at two different positions (p=2 mm and 
p=17 mm) with respect to a reetangular inducer (Fig.l.a) are shown. From this figure it can 
be concluded that by increasing the distance between the probe and the inducer, the saturation 
effect reduces and shifts towards deeper cracks. As far as the rhombie inducer is concemed, it 
is clear that the distance between the probe and the indueer dictates its size and as shown in 
the previous section, the saturation is a function of the size of the rhombic inducer. Therefore, 
in principle, the rhombic and the reetangular inducer are exchangeable and it is the practical 
requirement which determines the preferenee of one to another. 
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Fig.7 Signals from the scan of the notches in the mild steel test block using a reetangular 
inducer and a probe located at (a) p=2 mm and (b) p=17 mm from the inducer. The probe is 
4 mm long (the sameasthat used in Fig.2) and fairly balanced (s::::+O. mm). Other parameters 
are w=l7.5, t=6.5 mm, h-q=2.25 mm, q=0.83 mm and f=20 kHz. 
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CONCLUSION 
In order to size deep surface cracks using the high sensitivity AC field measurement 
technique, it is essential that the crack signal does not saturate for the largest possible crack. 
The effects of the inducer size, the probe position and the probe size on the saturation of the 
crack signal were analyzed. It was found that probes with small offsets and long lengths 
would reduce the effect, but the major parameter which controls the saturation is the distance 
between the probe and the inducer. Because of the shape of the rhombic inducer, a change in 
this distance corresponds to a change in the size of the inducer. 
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